Abstract One of the phytosanitary problems of coffee cultivation in Brazil is Coffee Leaf Scorch (CLS) disease, caused by the phytopathogenic bacterium Xylella fastidiosa. Due to the economic importance of coffee to Brazil and the losses caused by X. fastidiosa, a cDNA library (RX1) was constructed using infected coffee stems. This library is one of the 37 coffee EST libraries constructed using different organs and tissues and biological conditions (Coffee Genome ProjectCafEST). The objective of this study was to identify genes potentially involved in defence processes in response to X. fastidiosa infection by in silico analysis of the transcripts from the RX1 library as well as compare the coffee ESTs to citrus Xylella-infected ESTs. Clustering analysis of the RX1 library grouped a total of 7,501 sequences into 3,248 contigs, 19 of which were not found in the other 36 libraries. Additionally, 119 contigs were considered differentially expressed in comparison with the other libraries and according to statistical criteria. The global analysis Eur J Plant Pathol (2011) of these contigs showed several genes involved in dehydration and photosynthesis. A total of 2,235 singlets were also obtained in the RX1 library and several of these genes are classically involved in defence processes. The comparison to a Xylellainfected citrus EST library revealed several genes similarly modulated in both species, indicating common defence mechanisms in both host plants in response to X. fastidiosa. The results obtained showed that water deprivation and response to osmotic and oxidative stress were expressed in a similar way in both coffee and citrus libraries. This is the first study to propose a common mechanism shared by citrus and coffee plants in response to the same pathogen.
Introduction
Coffee production in Brazil integrates an important agricultural and industrial complex and has a high impact in the economy. Vietnam, Colombia and Brazil represent 50% of the world coffee production, and Brazil alone is responsible for one third of the production and exportation (Vieira et al. 2006; Mondego et al. 2011) .
Coffee production is concentrated in several states in Brazil, including Minas Gerais, Espírito Santo, São Paulo, Paraná, Roraima, and Bahia; Minas Gerais is the main producer and responsible for approximately 50% of the Brazilian production (Milhomem and Teixeira 2001) . One of the problems affecting coffee cultivation in Brazil is Coffee Leaf Scorch (CLS), caused by the bacterium Xylella fastidiosa (Paradela Filho et al. 1995) . The first occurrence of X. fastidiosa in coffee (Coffea arabica L.) was reported in the cultivar Mundo Novo in the state of São Paulo in 1995 (Paradela Filho et al. 1995) . Infected coffee plants typically present stems with short internodes, chlorotic leaves, which are usually small and deformed, leaf abscission and dry branches (Paradela Filho et al. 1995; Lima et al. 1996) . The presence of the bacterium in coffee plants has been reported in several coffee-producing regions such as São Paulo, Minas Gerais, Paraná, Espírito Santo and Bahia (Paradela Filho et al. 1995; Lima et al. 1996; Ueno and Leite 1996) ; these reports have been restricted to cultivars of C. arabica. As well as in Brazil, the disease has been reported in Costa Rica, an important coffee producer in the world (Montero-Astua et al. 2008) .
X. fastidiosa is a Gram-negative phytopathogenic bacterium that forms aggregates in the xylem of the host plant, blocking the passage of water and nutrients, which is associated with the reduction of the size of leaves and fruits. In severe cases, the bacterium can cause branch dieback (Matiello et al. 1998) . Although it has been proposed that polyssaccharides and extracellular enzymes may play an important role in the colonization of the xylem vessels (Simpson et al. 2000) , the pathogenicity mechanisms of X. fastidiosa
are not yet well understood and the characterization of the the plant-pathogen interaction is still at an early stage.
X. fastidiosa is also associated with Citrus Variegated Chlorosis (CVC) (Rossetti et al. 1990 ), one of the most important citrus diseases in Brazil, causing severe losses in citrus production. The bacterium causes chlorosis in the leaves and significant reduction in the size and quality of the fruits, which cannot be used for consumption or for production of concentrated juice (De Negri 1990) .
Recently, the Coffee Genome Project (CafESThttp://www.lge.ibi.unicamp.br/cafe) and Citrus Genome Project (CitEST-http://citest.centrodecitricultura.br) were finalized and several cDNA libraries of coffee (Vieira et al. 2006; Mondego et al. 2011 ) and citrus were constructed using different tissues and biological conditions. In this study, we explore the coffee cDNA library constructed from Xylella-infected stems and also perform a comparative analysis to a Xylella-infected citrus cDNA library. We show that several genes are commonly expressed in both perennial host plants and propose similar plantpathogen interaction mechanisms. This is the first study to describe a common mechanism shared by citrus and coffee plants in response to the same pathogen.
Materials and methods

cDNA libraries of coffee and citrus
For the construction of the coffee EST library, stems were collected from naturally infected coffee plants (C. arabica cv. Catuaí vermelho) showing typical CLS symptoms, such as stems with short internodes, dry branches and leaf scorch, at Instituto Agronômico de Campinas, Campinas, Brazil. RNA was extracted using Trizol Reagent (Invitrogen) after confirming the presence of the bacterium by PCR analysis. The mRNA was further isolated by using the kit PolyATract mRNA Isolation Systems (Promega, USA). cDNA synthesis and library construction were performed with the SuperscriptTM Plasmid System with GatewayTM Technology for cDNA Synthesis and Cloning (Invitrogen). The sequencing reactions were performed in an ABI Prism 3700 DNA Analyser (Applied Biosystems Inc., USA).
For the citrus EST library construction, orange plants of the variety Pêra Doce [C. sinensis (L.) Osbeck] were inoculated using a total volume of 40 μl of the bacterial suspension (10 8 colony forming units per ml) applied as a drop on the main shoot of citrus plant. Spots were pierced where the drops had been deposited with a syringe needle, until the plant tissue absorbed all the suspension. Leaves presenting CVC symptoms (chlorosis) were collected and used for RNA extraction with Trizol Reagent (Invitrogen). Poly A+ RNA was isolated from 0.5 mg of total RNA using the mRNA Isolation System (Promega Corporation, Madison, WI). cDNA libraries were constructed with the SuperScript Plasmid System with Gateway Technology for cDNA Synthesis and Cloning kit (Invitrogen). Sequencing was performed in ABI 3700 and 3730 DNA Analyzers (Applied Biosystems).
In silico analysis of the coffee and citrus ESTs A total of 5,483 clusters (3,248 contigs and 2,235 singlets) from the RX1 library (Xylella-infected stems) and 14,886 contigs representing all unique contigs of the CafEST Project (transcriptome) were used in this study. Primarily, the RX1 contigs, RX1 singlets and transcriptome were classified using second level Gene Ontology (GO) categories (Ashburner et al. 2000) . The GO classification was based on blast best hit, using BLASTx (Altschul et al. 1997 ) with e-value threshold of 1e-10, against the GO protein database. The Gene Ontology classification is a powerful tool to identify common functions shared by genes grouping into GO categories. The hypergeometric test ) and a cut-off of 0.05 (95% confidence rate) was applied to determinate the over-represented GO categories through comparison between categories formed by RX1 contigs or RX1 singlets against categories formed by the transcriptome. The null hypothesis in this test assumes that the number of genes in a particular GO category is distributed as a random variable. This methodology can summarize the total number of expressed genes in the RX1 library, identifying GO categories that are enriched by RX1 contigs or RX1 singlets in relation to the transcriptome.
The other approach to study the expressed genes in the RX1 library was performed by identifying differentially expressed genes in this library when compared to the transcriptome. This approach uses the ratio between the number of RX1 ESTs and total number of ESTs assembled into a contig (RX1 ESTs/ total ESTs) to infer the relative level of expression of a gene (Okubo et al. 1992) . The AC test (Audic and Claverie 1997 ) and a cut-off of 0.05 (95% confidence rate) was applied to identify relative frequencies of RX1 ESTs into RX1 contigs that were overrepresented (up regulated) or sub-represented (down regulated). The null hypothesis in this test assumes the same relative frequency of ESTs in all of the coffee libraries. These differentially expressed genes and transcriptome were classified using third level Gene Ontology categories. The over-represented GO categories of differentially expressed genes in relation to the transcriptome were calculated using the hypergeometric test ) with a cut-off of 0.05. In this case the analysis resulted in GO categories that were enriched by differentially expressed genes. This methodology was also applied in other recent analyses (Han et al. 2006; D'Souza et al. 2008; Murray et al. 2007 ).
Concomitantly, in order to identify orthologous genes between coffee and citrus related to infection, the RX1 clusters were also compared to 6,495 citrus ESTs from the cDNA library CS-101, constructed using X. fastidiosa-infected leaves , with the tBLASTx algorithm (Altschul et al. 1997) and an e-value threshold of 1e-10. This methodology generated a list of coffee genes that are expressed in both species. Using the same methods, these genes were grouped into the third level GO categories and compared with the GO categories of the transcriptome.
Results and discussion
RX1 library characterization
The Coffee Genome Project (CafEST) generated a total of 130 000 valid EST sequences collected from 37 cDNA libraries, constructed from a number of tissues and organs and under a range of conditions, representing 39,312 unigenes (14,886 contigs and 24,426 singlets) (Vieira et al. 2006) . During the development of the CafEST project, priority was given to libraries constructed using stressed conditions (biotic or abiotic) and therefore only one library (SS1) was constructed using healthy tissues (pooled leaves and stems). In this study, we investigated the group of ESTs produced during the biotic stress induced by the CLS disease (RX1 library). A total of 7,501 ESTs were obtained from this library, which were grouped into 5,483 clusters, including 3,248 contigs and 2,235 singlets. After GO annotation, a total of 76% of coffee sequences could be associated with one or more GO categories. The association using second level GO categories resulted in 145 categories for the transcriptome and 120 categories for the RX1 library (contigs and singlets). In order to identify the GO categories enriched by expressed genes from the RX1 library in relation to the transcriptome, we performed a comparison using a hypergeometric test ) and a cut-off of 0.05 (95% of confidence rate), resulting in 27 overrepresented second level GO categories.
A global analysis of the RX1 library ( Fig. 1 ) showed that most genes (approximately 55%) of the RX1 library are involved in cellular and primary metabolic processes. An over-representation of genes involved in catabolic processes, response to abiotic stimulus, and photosynthesis could be observed when analyzing the contigs; while genes related to defence response and response to endogenous stimulus could be observed when analyzing the singlets. Indeed several of these singlets represented genes potentially involved in defense mechanisms (Table 1) , and are discussed below.
Genes uniquely detected in Xylella-infected coffee library
In this study, two distinct peroxidase transcripts were present only in the Xylella-infected coffee library and were represented as two singlets (Table 1) . One of them presented similarity with a soybean peroxidase that occurs in root, stems, leaves, and seed pods regardless of any stress stimulus (Chen and Vierling 2000) , while the other presented similarity with a novel thylakoid lumen peroxidase apparently without function on defence to biotic stress (Kieselbach et al. 2000) . However, the presence of these transcripts solely in the RX1 library may be associated with the response to X. fastidiosa infection. Guidetti-Gonzalez et al. (2007) , analyzing the peroxidases from 33 citrus EST libraries, showed that some of them are constitutive, while others are induced by various stimuli. Interestingly, some of the contigs harboring peroxidase transcripts were composed by reads made solely from a library constructed from Xylellainfected citrus plants, indicating that they may be involved in the response of citrus to this pathogen.
One singlet with similarity to NADPH oxidoreductase homolog was also found in the CLS library (Table 1) . Along with peroxidases, NADPH oxidoreductases are major sources for reactive oxygen species (ROS) production as defence mechanisms during biotic stresses (Melillo et al. 2006) , and these transcripts may play such a role in this compatible interaction between coffee and X. fastidiosa.
A transcript of glutathione S-transferase (GST), involved in the detoxification of lipid peroxidation products, was also found in the CLS library (Table 1) . This gene protects cells from ROS and damage from stress conditions (Chen et al. 2004 ) and is often found in high copy number/isoforms in plants.
A group of ESTs encoding lipoxygenases (LOXes) was also observed among the RX1 singlets. LOXes constitute a large gene family of fatty acid dioxygenases that are ubiquitous in plants and animals. They produce hydroperoxides that are converted into compounds involved in a variety of physiological processes such as plant development and biotic and abiotic stress adaptation (Liavonchanka and Feussnerm 2006) . Although there are reports of increased LOX expression in compatible interactions (disease), it is more commonly associated with incompatible interactions, where it plays an important role in disease resistance, as observed in Citrus reticulata (a resistant citrus genotype) inoculated with X. fastidiosa (HR) (Guidetti-Gonzalez et al. 2007 ).
Another gene found in the CLS library codes for a disease resistance-responsive protein. This protein is involved in lignin biosynthesis and may have a role in biotic and abiotic stress resistance through the increase in lignin production, but there are no studies on this protein in coffee plants.
Finally, the BlastX of three singlets from the coffee Xylella-infected library presented hits with similarity to disease resistance proteins; all of them encoded by resistance (R) genes of the NBS-LRR cluster. R proteins act as direct or indirect receptors of pathogen effectors, or sensors that detect cell alterations caused by these effectors. After the initial recognition, a downstream signal transduction cascade leads to defence mechanisms, often a hypersensitive response, that may restrict the pathogen in its original site of infection (Jones and Dangl 2006) . Among the R genes, are the well-studied NBS-LRR cluster that includes Topovirus resistance gene homologues SW5, a nematode resistance protein Mi-1.2, a Pseudomonas syringae resistance gene PRF, and the Globodera rostochiensis resistance genes Hero and Gpa-2 (Rehman et al. 2009 ). Since the object of this study is a compatible interaction (when disease occurs), these singlets may represent resistance gene analogs (RGA) that are not fully functional in C. arabica. Alternatively, as suggested for the G. rostochiensistomato interaction, one of two situations might be Fig. 1 Gene function association using second level Gene Ontology (GO) categories at the biological process level. The percentage of genes refers to the RX1 contigs, RX1 singlets and transcriptome that match the GO categories. The GO categories displayed were selected based on statistical criteria using the transcriptome as reference taking place: either the putative R genes do not properly activate disease resistance signaling, or they may interact with a pathogen effector that modulates host defence responses (Rehman et al. 2009) .
Even though several genes involved in defence response to pathogens were found to be over represented in the CLS library, it should be noted that the coffee cultivar studied is susceptible to X. fastidiosa and the library was constructed from symptomatic coffee stems. Hence, it is very likely that these genes, although differentially expressed when compared to the healthy coffee libraries, have peripheral role in avoiding infection and disease, either because they are triggered with a significant delay in time or because they represent a secondary response due to the physiological effect caused by the infection, as proposed by De Souza et al. (2007a) when studying the compatible citrus-Xylella interaction.
Comparison of the differentially expressed genes from the RX1 library to the CafEST transcriptome In order to improve the level of information regarding genes expressed during the infection phase, the analysis of differentially expressed genes (up and down regulated) using AC test (Audic and Claverie 1997) and a cut-off of 0.05 (95% of confidence rate) was applied to the 3,248 RX1 contigs. This methodology identified 119 differentially expressed contigs (Supplemental Table 1 ), which represented 4.6% of all the RX1 contigs. These genes were grouped according to the third level of GO category (Fig 2) resulting in 380 categories. Also the transcriptome was submitted to the third level of GO annotation resulting in 700 categories. The hypergeometric test and a cut-off of 0.05 resulted in 26 over-represented third level GO categories. Interestingly, a large group of down-regulated ESTs were obtained and were constituted by genes from the GO category of photosynthesis (Fig. 2) . Transcriptional down-regulation of photosynthesisrelated genes has been reported previously during compatible interactions between host plants and their pathogens (Restrepo et al. 2005; Moy et al. 2004) , including bacteria (Biemelt and Sonnewald 2006; Bonfig et al. 2006; Balaji et al. 2007 ).
Photosynthesis is a common mechanism affected during infection (Kong et al. 2007) , and a very striking transcriptional down-regulation of photosynthesis ESTs was observed in our investigation, which is in agreement with other studies that analyzed the expression of genes during fungal infection of plants in compatible and incompatible interactions (Gibly et al. 2004; Espinoza et al. 2007; Fung et al. 2008) . Scholes et al. (1994) suggest that the high Fig. 2 Gene function association using third level Gene Ontology (GO) categories at the biological process level. The percentage of genes is related to the transcriptome and differentially expressed genes (up-and down-regulated) in RX1 contigs that match the GO categories. The over-represented GO categories displayed were selected based on statistical criteria using the transcriptome as reference. The photosynthesis light harvesting and photosynthesis light reaction categories are constituted by down-regulated genes concentration of carbohydrates, resulting from the increase in invertase activity caused by fungal infection, causes directly or indirectly a gradual down-regulation of the Calvin cycle leading to the inhibition of photosynthesis.
The analysis between the RX1 library and the coffee transcriptome also revealed a total of 19 contigs, which were present only in the RX1 library and again included a NBS-LRR disease resistance protein homologue, as well as proteins with unknown function (expressed proteins and no hits). NBS-LRR disease resistance proteins act in multi-protein complexes mediating the interaction with pathogen effectors. Resistance genes (R genes) in plants are abundant and may represent more than 1% of all the genes where their diversity is critical for the recognition and response to the attack from diverse pathogens. Despite their prevalence in the genome, little is known about the expression of these genes in coffee during plant-pathogen interactions. They revealed that the majority of NBS-LRR transcripts were present at low levels in unchallenged plants and many showed tissue specific expression. Further studies need to be performed in coffee in order to verify the specific role played by these genes in the defense process.
Another contig present only in the RX1 library was the respiratory burst oxidase protein E, which is encoded by the gene RBOHE in Arabidopsis. The protein function is related to calcium-dependent NADPH oxidase, generating superoxide in a multi-pass membrane protein. The NADPH oxidases (NOX) catalyze the production of superoxides, a type of reactive oxygen species (ROS) conserved in plant and animal kingdoms. The enzymatic products are associated with direct oxidative cross-linking of cell wall components during defence and differentiation of vascular tissue in plants (Sagi and Fluhr 2006) . The antioxidant pathway regulates the appropriate induction of acclimation processes or execution of cell death programs (Shao et al. 2008) .
Far-red impaired responsive protein was also observed only in the RX1 library and was identified as one of the shade-avoidance players in shade-avoidance responses. Coupland and Prat Monguio (2005) reported the identification of the photoreceptors and light signalling molecules and indicate that, despite the unknown mechanism, those receptors affect plants, both as an environmental stress and as a developmental signal.
The comparison of the RX1 library to the CafEST transcriptome also revealed genes up-regulated in the RX1 library such as chitinases, dehydration genes, aquaporins and transcription factors. These are well known genes involved in several biotic and abiotic stresses. The up-regulation of dehydration genes and aquaporins was expected, since blockage of plant xylem vessels occurs during X. fastidiosa infection. Interestingly, these genes were also observed in a Xylella-infected citrus library and are discussed below.
The results obtained from this comparison show that several genes were differentially expressed in the RX1 library when compared to all the other 36 coffee libraries in different conditions, including biotic and abiotic stresses. A comparison to a library constructed from non-infected stems would be ideal and would give more direct clues as to which genes are specifically involved in the response to X. fastidiosa. Although the SS1 library was constructed including stems as well as leaves, differentially expressed genes were observed when this library was compared to the RX1. It is possible that these genes are indeed related to X. fastidiosa infection.
Comparison of Xylella-infected coffee and citrus ESTs
The RX1 library was also compared to a Xylellainfected citrus library (CS-101). A total of 2,112 coffee ESTs showed a tBLASTx hit in the citrus library, indicating the expression of several genes in both plants (Fig. 3) . As mentioned above, upregulated genes involved in water deprivation and response to osmotic and oxidative stress were expressed in a similar way in both libraries (Supplemental Table 1) .
Plants express a large number of isoenzymes modulated by signals related to cellular detoxification of reactive oxygen species, which may accumulate for different reasons, including wounding or pathogen attack (Dietz et al. 2006) . The results obtained in this study indicate that the effect of water blockage caused by X. fastidiosa may trigger the same kind of stress in coffee and citrus plants, although the symptoms are quite different. Cross inoculation studies with coffee and citrus X. fastidiosa strains in both host plants are still controversial. Although Li et al. (2001) showed that CLS can be caused by coffee and citrus strains, Almeida et al. (2008) , in a recent work, suggest that CVC and CLS are caused by two biologically distinct X. fastidiosa strains. These results indicate that this issue is still not well defined, although there may be similarities in the pathogenicity mechanisms.
Among the genes associated with water stress identified in both libraries are the osmotic stress induced gene, aquaporin and the dehydration responsive element binding protein. Aquaporins are found in membrane cells of all living organisms, including fungi, bacteria, plants and animals (Tyerman et al. 2002) and enable the passive diffusion of water through the membrane cells, increasing the osmotic conductivity of the membrane (Preston et al. 1992; Siefritz et al. 2002) . It is well known that water stress has a high influence on the expression of aquaporin (Baiges et al. 2002) . The induction of this gene is related to the increase in membrane permeability to water transportation under water deficit conditions (Yamada et al. 1997) .
The up-regulation of the gene that encodes the dehydration responsive element binding protein could be related to a typical response to drought observed in plants with CVC and CLS. As observed in plants with CVC symptoms (De Souza et al. 2007a) , this protein was shown to be induced by ABA (Abe et al. 1997) . Synthesis of ABA is not a feature of plants with CVC (Gomes et al. 2003) and therefore the physiological conditions are different. However, this protein seems to respond to different stimuli and protect the plant in adverse conditions (Abe et al. 1997) . In general, the up-regulation of these genes in citrus and coffee could be associated with water stress suppression by the plant in response to xylem vessels blockage caused by X. fastidiosa.
Others groups of up-regulated genes in coffee were also observed, when compared to the citrus ESTs. Among these genes were several chitinases, DnaJ-like protein, and several proteins with unknown function. Chitinases catalyze the hydrolysis of chitin oligomers and are generally induced in response to fungal pathogens or abiotic stress, or during plant development (Collinge et al. 1993) . DnaJ is a chaperone that functions in protein folding and marks incorrectly folded proteins for turnover (Bohnert et al. 1995) . Despite the increase in their expression that occurs during the abiotic stresses, induction in the synthesis of chaperones has also been observed in response to pathogen attack (Jelitto-Van Dooren et al. 1999 ). In C. sinensis with CVC, DnaJ induction was not observed (De Souza et al. 2007a ), however, up-regulation was observed in C. reticulata (resistant to CVC) inoculated with X. fastidiosa (De Souza et al. 2007b) and it was associated with defence-response. These results suggest that in spite of the similarities between the host-response to X. fastidiosa, different behaviours could be characteristic from each host plant.
Among the down-regulated genes observed when compared to the citrus clusters were genes involved in photossynthesis, although the transcripts related to Fig. 3 Gene function association using third level Gene ontology (GO) categories at the biological process level. The percentage of genes is related to coffee genes (expressed in RX1 and citrus libraries), and the transcriptome that match with the GO categories. The GO categories displayed were selected based on statistical criteria using the transcriptome as reference photosynthesis were also down-regulated in plants with CVC when compared to healthy tissues (De Souza et al. 2007a ). The down-regulation of these photosynthesis-associated genes is perhaps a consequence of disorders that occur in the photosynthetic apparatus of CVC and CLS symptomatic plants.
Another interesting result obtained was that among the 19 contigs present only in the RX1 library when compared with the entire transcriptome of coffee, 5 contigs [contig4963 (hypothetical protein), contig4787 (2-hydroxy-acid oxidase, peroxisomal), contig4730 (Glyceraldehyde-3-phosphate dehydrogenase B), contig4612 (copia protein) and contig4458 (FAD-binding domain-containing protein)] were also observed in the citrus library, indicating that these genes may be expressed in response to the same stimulus. Most of them are related to energy conversion and production.
Conclusions
Overall, in this study, we have characterized a Xylellainfected coffee library and shown the presence of several genes involved in the response to biotic stress as well as water deprivation conditions. The comparison with the citrus Xylella-infected library revealed several commonly expressed genes, including 60% of differentially expressed genes previously identified and genes associated with water stress conditions. When the RX1 singlets presented in Table 1 were checked against citrus ESTs, 15 genes showed a positive match, which represents a percentage of approximately 60%. Although different tissues from coffee and citrus were used for comparison, the results obtained in this study indicate that similar defence mechanisms may be triggered in coffee and citrus in response to X. fastidiosa infection. We could clearly observe several genes commonly expressed in infected coffee and citrus and the main GO categories found were water deprivation, response to osmotic stress, response to oxidative stress, signal transduction and cellular catabolic processes. These genes were up-regulated in both X. fastidiosa infected hosts when compared to the entire coffee transcriptome and therefore represent interesting candidates for future studies aiming at a better comprehension of X. fastidiosa-host interactions. Another interesting result obtained was that several genes involved in regulation were observed in the RX1 library but not in citrus; such as genes associated to regulation of cellular process, regulation of metabolic process, regulation of gene expression, regulation of cellular metabolic process, regulation of transcription and regulation of biological process. These genes need to be further investigated in order to verify their specific role in the X. fastidiosa response. This is the first study to propose a common mechanism shared by citrus and coffee plants during response to the same pathogen infection. In this work we present an overview of the gene expression in both hosts infected with the same pathogen. Additional studies need to be performed to better investigate the similarities and differences found in order to propose a more detailed plant defence mechanism in response to this important pathogen.
